Background and Purpose-We investigated whether occlusion type identified with computed tomography angiography (CTA-determined occlusion type) could predict endovascular treatment success using stent retriever (SR) thrombectomy. Methods-Consecutive patients with stroke who underwent CTA and then endovascular treatment for intracranial large artery occlusion were retrospectively reviewed. CTA-determined occlusion type was classified into truncal-type occlusion or branching-site occlusion and compared with digital subtraction angiography-determined occlusion type during endovascular treatment. Three rapidly-and readily-assessable pre-procedural findings (CTA-determined occlusion type, atrial fibrillation, and hyperdense artery sign), which may infer occlusion pathomechanism (embolic versus nonembolic) before endovascular treatment, were evaluated for association with SR success along with stroke risk factors and laboratory results. In addition, the predictive power of the 3 pre-procedural findings for SR success was compared with receiver operating characteristic curve analyses. Results-A total of 238 patients (mean age, 70.0 years; male patients, 52.9%) were included in this study. CTA-determined occlusion type corresponded adequately with digital subtraction angiography-determined occlusion type (P=0.453). Atrial fibrillation (odds ratio, 2.66; 95% confidence interval, 1.25-5.66) and CTA-determined branching-site occlusion (odds ratio, 8.20; confidence interval, 3.45-19.5) were independent predictors for SR success. For predicting SR success, the area under the receiver operating characteristic curve value for CTA-determined branching-site occlusion (0.695) was significantly greater than atrial fibrillation (0.594; P=0.038) and hyperdense artery sign (0.603; P=0.023). Conclusions-CTA-determined branching-site occlusion was significantly associated with SR success. Furthermore, among the 3 rapidly-and readily-assessable pre-procedural findings, CTA-determined branching-site occlusion had the greatest predictive power for SR success. 
S tent retriever (SR) thrombectomy has been a mainstay of endovascular treatment (EVT) for acute intracranial large artery occlusion (ILO). 1 However, SR is ineffective in ≈20% of patients. [2] [3] [4] A more effective EVT strategy can be implemented if pre-procedural SR success can be predicted. [5] [6] [7] [8] [9] [10] The pathomechanism of acute ILO is a major factor associated with SR success. SR is considered less effective in nonembolic ILO likely because of intracranial atherosclerotic stenosis, which is responsible for 15% to 20% of acute ILO in Asian populations. 7, 8, [11] [12] [13] [14] The pathomechanism has been diversely assessed, for example, using hyperdense artery sign (HAS) or susceptibility vessel sign, fixed focal stenosis on follow-up imaging, histological examination of extracted clots, and comprehensive cardiological evaluation after the lapse of hyperacute stage. [15] [16] [17] However, because EVT for acute ILO is time sensitive, the available pre-procedural data for deducing the pathomechanisms are limited. In a recent study, angiographic occlusion type based on digital subtraction angiography (DSA-determined occlusion type) during EVT was associated with the pathomechanism and a strong predictor of SR success. 5 To decide on the EVT method, determining the occlusion type before rather than after starting treatment could be helpful. Choosing the optimal EVT method is important not only for recanalization success but also shortening puncture-to-recanalization time.
To determine the pre-procedural predictors of SR success, the following hypotheses were tested: (1) occlusion type can be determined using computed tomography angiography (CTA-determined occlusion type), and (2) the CTAdetermined occlusion type can predict SR success similar to DSA-determined occlusion type.
Materials and Methods
We reviewed consecutive acute stroke patients with acute ILO who underwent EVT in a tertiary stroke center between January 2010 and October 2016. Intracranial large artery was defined as intracranial internal carotid artery, M1 segment of middle cerebral artery (MCA), intracranial vertebral artery, and basilar artery. The M1 segment was defined as MCA before bifurcation. Early take-off from a frontal or temporal branch was not considered a bifurcation. Patients with an evident occlusion pathogenesis, such as arterial dissection, were excluded. Patients who had pre-procedural CTA and were treated with SR for their occlusion were included in the study.
The Institutional Review Board of Yonsei University College of Medicine Severance Hospital approved this study and waived the requirement of informed consent for study inclusion based on the retrospective study design.
Imaging Protocols and Determination of Occlusion Type
All patients eligible for intravenous tPA (tissue-type plasminogen activator) or EVT were evaluated by nonenhanced computed tomography and CTA. Computed tomographic images were obtained on a 64-channel multidetector row computed tomographic system (Sensation 64; Siemens, Erlangen, Germany). After acquisition of axial 3-mm nonenhanced computed tomographic images, a nonionic contrast agent was administered, followed by a saline chaser (40 mL) at a rate of 4 mL/s using a power dual injector. A bolus tracking technique was used with a marker placed at the ascending aorta, triggering at 100 Hounsfield units above baseline with a 7-second delay before image acquisition. CTA data were obtained from the aortic arch to the vertex with the following parameters: 120 kVp, 160 mA, field of view of 18 to 20 cm, 0.33 seconds per rotation, 0.8 pitch, and a 0.6-mm section thickness. The acquired CTA source data were processed to offer maximum intensity projection images of axial, coronal, and sagittal planes with 20-mm slab and 2-mm interval.
Occlusion type was assessed based on the CTA maximum intensity projection reconstruction images (CTA-determined occlusion type; Figures 1 and 2 ). When the relevant bifurcation site was clearly observed on CTA, the case was assigned as truncal-type occlusion. Conversely, for patients whose bifurcation site was not observed or vague, the occlusion was assigned as branching-site occlusion. Occlusion type was also assessed based on DSA during EVT. The classification and method of DSA-determined occlusion type were previously reported. 5 A brief summary of the method is also described in the online-only Data Supplement.
CTA-and DSA-determined occlusion types were independently assessed by 2 neurointerventionalists. The κ values for interrater reliability of CTA-and DSA-determined occlusion type classification were 0.96 and 0.89, respectively. Discrepant cases were resolved by consensus. If the occlusion type was difficult to analyze because of poor image quality or other conditions, the case was classified as undetermined. The reviewers were blind to the result of EVT. When reading CTA images, the reviewer was also blind to DSA finding and vice versa.
Pre-Procedural Findings Inferring the Pathomechanism of Acute ILO
Along with CTA-determined occlusion type, atrial fibrillation (AF) and HAS were chosen as pre-procedural findings evaluated for predicting SR success and were considered associated with the pathomechanism of acute ILO. Furthermore, they are rapidlyand readily-assessable findings taken before starting EVT in a time-sensitive emergency condition. Common clinical risk factors for atherosclerosis and laboratory findings were not considered apparent pre-procedural findings because they often required time for confirmation. These risk factors were collected as confounds affecting the recanalization result in EVT (online-only Data Supplement).
AF was evaluated based on the ECG taken before EVT. HAS was positive when the occluded artery was clearly denser without calcification than contralateral or adjacent arteries at the same level based on nonenhanced computed tomography. HAS was also independently assessed by 2 neurointerventionalists. The κ value for the interrater reliability of HAS classification was 0.71. Inconsistent cases were settled by consensus.
Endovascular Procedure
All endovascular procedures were performed under local anesthesia. We used Solitaire AB or FR (Covidien/ev3, Irvine, CA) exclusively for SR thrombectomy. The balloon guide catheter (Cello; Covidien/ ev3) has been routinely used in anterior circulation stroke since its introduction in May 2013. Successful recanalization was defined as achieving a modified Thrombolysis in Cerebral Ischemia grade 2b or 3, which should not be reoccluded on the delay angiogram at least 10 minutes after recanalization.
Statistical Analyses
First, to observe differences in occlusion type classification between CTA and DSA, the consistency between CTA-and DSA-determined 
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October 2017 occlusion types was evaluated using McNemar test. Then, the sensitivity, specificity, positive predictive value, negative predictive value, and accuracy were calculated for CTA to determine the occlusion type. DSA was regarded as the gold standard method to determine occlusion type. Second, to evaluate the association between CTA-determined occlusion type and SR success, patients were divided into 2 groups: SR success or SR failure group. If successful recanalization was achieved with SR alone, patients were assigned to the SR success group. We compared 3 rapidly-and readily-assessable pre-procedural findings (CTAdetermined occlusion type, AF, and HAS) between the SR success and failure groups, along with stroke risk factors and laboratory data that were confirmed after EVT. Mann-Whitney U test, χ 2 test, and Fisher exact test were used for comparison. To determine independent variables for SR success, variables with a P<0.10 in univariate analyses were entered into a multivariate analysis using binary logistic regression.
Third, to compare the predictive powers of the 3 rapidly-and readilyassessable pre-procedural results for SR success, we calculated sensitivity, specificity, positive predictive value, negative predictive value, and accuracy for each finding. We also performed receiver operating characteristic curve analyses and compared their area under curve values.
A P<0.05 was considered statistically significant for 95% confidence intervals (CI). All statistical analyses were performed using R (version 3.2.2, r-project.org) and MedCalc (version 16.8.4, MedCalc) software.
Results
A total of 256 patients underwent EVT for ILO with SR ( Figure I in the online-only Data Supplement). Among them, 238 patients (mean age, 70.0±11.6 years; male patients, 52.9%) were included in the study; patients who did not have pre-procedural CTA (n=14) and whose occlusion site was changed between CTA and DSA (n=4) were excluded. Regarding the location of occlusion, 127 patients (53.3%) had MCA occlusion, 74 (31.1%) had internal carotid artery occlusion, 34 (14.3%) had basilar artery occlusion, and 3 (1.3%) had vertebral artery occlusion.
Diagnostic Accuracy of CTA for Determining Occlusion Type
The occlusion type could not be determined using DSA in 9 patients (3.8%; 9 of 238). Thus, a total of 229 patients were analyzed in this section. Occlusion type was identified as branching-site occlusion in 188 patients (82.1%) using CTA and 192 (83.8%) using DSA. Classification of occlusion type based on CTA corresponded adequately with DSA-determined occlusion type (P=0.453). Overall accuracy of CTA for determining occlusion type was 93.0% (Table I in the online-only Data Supplement). Probability of CTA to correctly detect branching-site occlusion was 94.8% (sensitivity), and truncaltype occlusion was 83.8% (specificity).
Association Between CTA-Determined Occlusion Type and SR Success
Among 238 patients, 184 (77.3%) had successful recanalization using SR. Based on univariate analyses, younger age, absence of hypertension, occlusion in anterior circulation, AF, HAS, and CTA-determined branching-site occlusion were associated with SR success (Table 1) . Based on multivariate analysis, hypertension (odds ratio, 0.33; 95% CI, 0.13-0.89), C-reactive protein (odds ratio, 0.99 per 1 mg/L; 95% CI, 0.98-0.99), AF (odds ratio, 2.66; 95% CI, 1.25-5.66), and CTAdetermined branching-site occlusion (odds ratio, 8.20; 95% CI, 3.45-19.5) were independent predictors of SR success.
Predictive Power of CTA-Determined Occlusion Type for SR Success
The calculated sensitivity, specificity, positive predictive value, and negative predictive value of CTA-determined branching-site occlusion were 90.8%, 48.1%, 85.6%, and 60.5%, respectively ( Table 2 ). The area under curve based on CTA-determined branching-site occlusion was 0.695 (95% CI, 0.632-0.752; P<0.001).
The area under curve of CTA-determined branching-site occlusion was significantly greater than AF (0.594; P=0.038) and HAS (0.603; P=0.023; Table 2; Figure 3 ). Area under curve values for AF and HAS were not significantly different (P=0.851).
Association of SR Success With CTADetermined Occlusion Type, AF, and HAS SR success was achieved in 85.6% of the patients with CTAdetermined branching-site occlusion (Table 3) . Furthermore, CTA-determined branching-site occlusion showed a 75.0% SR success rate even in the absence of the other 2 pre-procedural findings (AF and HAS). In contrast, overall SR success rate was 39.5% in the patients with CTA-determined truncaltype occlusion. Despite the presence of AF and HAS, the patients had ≈50% SR success rate. 
Discussion
In this study, we found that occlusion type could be determined using CTA similarly to DSA. More importantly, CTAdetermined occlusion type was independently associated with the success or failure of SR thrombectomy. Furthermore, the CTA-determined occlusion type was significantly more predictive of successful SR thrombectomy than AF and HAS.
When determining the occlusion type of acute ILO, CTA had several advantages over DSA. First, CTA determined occlusion type in all cases, whereas occlusion type could not Univariate results are expressed as the number of patients (%) or median (first and third quartiles). BGC indicates balloon guide catheter; CAD, coronary artery disease; CI, confidence intervals; CRP, C-reactive protein; CTA, computed tomography angiography; CTA-OCT, CTA-determined occlusion type; HDL, high-density lipoprotein; IV tPA, intravenous tissue-type plasminogen activator; LDL, low-density lipoprotein; NIHSS, National Institute of Health Stroke Scale; OR, odds ratio; PAD, peripheral artery disease; SR, stent retriever; TG, triglyceride; and WBC, white blood cell.
*OR for SR success.
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be determined in 3.8% of patients when using DSA because of no stent-through flow or a poorly developed communicating artery. Second, and most importantly, the CTA-determined occlusion type was assessable before starting EVT, whereas DSA-determined occlusion type could be assessed only during EVT. For the optimal EVT strategy, obtaining data on the pathomechanism of acute ILO before starting treatment rather than after would be more helpful. Finally, CTA-determined occlusion type only needed routinely reconstructed maximum intensity projection images of CTA, whereas determination of occlusion type using DSA required at least 1 deployment of SR or contralateral angiogram. 5 Given the easiness of determining occlusion type based on CTA, the interrater reliability of CTA-determined occlusion type was better than DSAdetermined occlusion type.
A small portion of CTA-determined branching-site occlusion cases (3.2%) was confirmed as truncal-type occlusion on DSA. Determination of occlusion type based on CTA depends exclusively on the visualization of a distal part of the artery beyond the occlusion. Because the distal part was not sufficiently filled with contrast agent because of poorly developed communicating artery and leptomeningeal collaterals, the truncal-type occlusion might be falsely classified as branching-site occlusion when using CTA. In other words, the CTA-based classification may be slightly more biased to branching-site occlusions (leading to higher sensitivity) and less to truncal-type occlusions (leading to lower specificity). In the internal carotid artery and basilar artery occlusions, visualization of the artery beyond the occlusion depends on development of both the communicating artery and leptomeningeal collaterals. Conversely, visualization of the MCA beyond the occlusion exclusively relied on retrograde leptomeningeal collaterals. Consequently, CTA had the highest sensitivity (99.1%) and the lowest specificity (66.7%) for determining occlusion type in MCA. Thus, obtaining multiphase CTA images could increase the accuracy of CTA-based classification by allowing sufficient time for retrograde filling of the contrast agent into the distal part beyond occlusion.
Along with CTA-determined occlusion type, AF and HAS were also evaluated as rapidly-and readily-assessable preprocedural findings for predicting the success or failure of SR thrombectomy. AF is the most common embolic source encountered in cardioembolic stroke and was observed in 45% to 64% of patients with cardioembolic stroke. 17, 18 Furthermore, the detection of AF is the easiest because other potential cardiac sources of embolism usually require further cardiological evaluations, which are likely unavailable before EVT in emergency settings. In this study, AF was independently associated with SR success.
HAS was reportedly also associated with the success of mechanical thrombectomy. HAS was strongly predictive of successful recanalization in Merci thrombectomy. 15 In addition, Hounsfield units was reportedly higher in patients with successful recanalization using SR thrombectomy. 19 Conversely, acute ILO with lower Hounsfield units was more resistant to mechanical thrombectomy. 20 An experimental study showed that clot Hounsfield units was increased along with a higher red blood cell (RBC) count. 21 Several pathological studies also reported clots in patients with HAS that showed a higher RBC proportion. 22, 23 Mechanical thrombectomy might be more effective for the RBC-rich clot because *P values were from receiver operating characteristic comparison with CTAdetermined branching-site occlusion. the higher proportion of RBCs could change the physical property of the clot to be more viscous and less elastic. 24, 25 Although a few studies showed that clots from cardioembolisms had a higher proportion of RBCs, the findings were inconsistent. 22, 23, 26, 27 In this study, HAS was not independently associated with SR success.
Among the 3 rapidly-and readily-assessable pre-procedural findings, CTA-determined occlusion type showed the greatest predictability of SR success because CTA could accurately differentiate the occlusion type of acute ILO similar to DSA, and the occlusion type was strongly associated with the pathomechanism (embolic or nonembolic). Embolic sources were found only in 7% of truncal-type occlusions but in 93% of branching-site occlusions. 5 SR had adequate results for embolic but not nonembolic ILOs, which was most likely because of intracranial atherosclerotic stenosis. 7, 8, 11, 12 When SR was chosen as the primary EVT modality for acute ILO, puncture-to-recanalization time was significantly longer in truncal-type than branching-site occlusions, 5 which was also in this study (median 83 versus 50 minutes; P=0.014). Reattempts of SR thrombectomy because of reocclusions could make the puncture-to-recanalization time longer. The puncture-to-recanalization time is a critical factor for clinical outcome. Therefore, if the optimal EVT method was chosen by determining occlusion type based on CTA before starting EVT, clinical outcomes would likely be improved not only by increasing recanalization rate but also by shortening puncture-to-recanalization time. 5 For example, if an acute ILO is classified into truncal-type, intra-arterial infusion of glycoprotein IIb/IIIa blocker just after SR retrieval may prevent a reocclusion of the recanalized artery. In another way, one might reduce puncture-to-recanalization time by trying only 1 time of or minimal SR retrieval, and then switching to use of glycoprotein IIb/IIIa blocker. If the occlusion is also refractory to glycoprotein IIb/IIIa blocker, rescue stenting with or without angioplasty can be considered. 6 This study had several limitations, including its retrospective design. In addition, the study was performed at a single tertiary stroke center; however, all patients were prospectively registered with a detailed description of their endovascular procedure. Furthermore, this study focused on objective findings, including laboratory results, imaging markers, and angiographic results, rather than clinical outcomes, thereby minimizing this limitation.
A part of this study seemed to be overlapped with the previous study of DSA-determined occlusion type because 2 studies had the same ultimate goal, the use of occlusion type for optimal EVT. 5 Furthermore, the previous study was also performed in the same tertiary center, and the most of patients in the previous study were also included in this study. However, 2 studies differ in some ways: (1) in contrast that the previous study aimed to examine the conceptual validity of occlusion type in association with occlusion pathogenesis, this study focused on the pre-procedural utility of occlusion type, and (2) the concept of this study is completely derived from the disadvantages of DSA in determining occlusion type.
Another limitation was the use of single-phase CTA. Multiphase CTA might increase the accuracy for CTA-determined occlusion type. Nevertheless, CTA-determined occlusion type corresponded adequately with DSA and appeared sufficient for predicting the success or failure of SR thrombectomy. Further studies are needed to compare the performance of multiphase CTA and single-phase CTA for determining occlusion type. Meanwhile, CTA has been increasingly used as the initial imaging method for acute ILO. The determination of occlusion type was possible in all cases with routine maximum intensity projection reconstruction of CTA, which is simple and easily reproducible without further imaging processing. Therefore, CTA-determined occlusion type could be widely used for setting EVT strategy immediately before starting treatment.
Conclusions
CTA-determined occlusion type corresponded adequately with DSA during EVT. The CTA-determined occlusion type was independently associated with the success or failure of SR thrombectomy. Among the rapidly-and readily-assessable pre-procedural findings, CTA-determined occlusion type showed better predictability for SR success than AF and HAS. Determination of occlusion type using CTA might increase the possibility of recanalization and shorten puncture-torecanalization time by determining the optimal EVT strategy before starting the treatment.
